In diesel engines, during a load increase, due to poor combustion from the fuel/air mismatch, excessive exhaust smoke may be caused. One possible measure to reduce smoke emissions is the use of compressed air injection into the manifold downstream of the turbocharger compressor and before the cylinders. This work addresses feedback of pressure in the intake manifold for the control of air injection. The novel robust control strategy considers uncertainty in the modeling representation and allows acceptable engine performance over an operating envelope around a nominal point. Experimental results on a marine diesel engine validated the controller approach.
INTRODUCTION
Diesel engines are used for 99% of ship propulsion and 80% of ship auxiliary power (on-board generators, etc.).
During a load increase, due to poor combustion from the fuel/air mismatch, excessive exhaust smoke may be caused, and the engine has a limited responsiveness.
The issues of exhaust opacity reduction and avoidance of turbocharger instabilities during engine transients have been individually considered for many years in applications for engines of this type. Although smoke emissions from marine engines are not under international regulations at the present time, the interest to suppress those is still high.
Several methods and devices have been proposed in the past, in an effort to reduce the smoke emissions. One possible measure is use of compressed air injection into the manifold downstream of the turbocharger compressor and before the cylinders. A drawback of this method is the possible cause of instability or even surge in the compressor due to the sudden increase of its downstream pressure and subsequent flow reversal.
Along these lines, in an experimental marine diesel engine of the LMW/NTUA, external compressed air was injected directly into the intake manifold, downstream of the turbocharger compressor. Relevant studies (Vlaskos et al. (2006) , Papalambrou et al. (2007) ) proved the applicability of the air injection method but also highlighted the dangers of an uncontrolled flow. At that time, for the control of the pressure at the intake manifold, model predictive control (MPC) was used, for the modulation of air injection. For more details see Papalambrou et al. (2009) .
With the point of view towards the integration of control engineering issues with diesel engine operation, and with the additional specific focus on the engine behavior related to emissions, recently the air injection method was revisited. This time the engine was modelled from first principles, and a model-based robust controller was designed and tested, with the aim to augment the pressure in the intake manifold of the engine, thus inducing additional air in the engine cylinders and reaching a higher in-cylinder maximum pressure, avoiding excessive pressure which could lead to dangerous compressor instabilities.
EXPERIMENTAL ENGINE SETUP
The experiments were performed on a marine diesel engine at the Laboratory of Marine Engineering, at NTUA. The test engine is based on a modified MAN B & W Holeby 5L16/24, which was appropriately adapted to accept the compressed air injection system. It is a 5-cyl., 4-stroke turbocharged diesel engine with intercooler, having a maximum power of 500 kW and a nominal speed of 1200 rpm. Bore is 0.16 m while stroke is 0.24 m. Maximum boost pressure reaches 3.4 bar and maximum combustion pressure is 170 bar. The engine is coupled to an electric DC dynamometer. For engine and waterbake control, the Woodward Atlas control platform is used; while for the air injection control, the dSPACE DS1103 platform is used. The supply of the additional, externally compressed air, downstream of the compressor of the engine, was through an analogue valve.
THE CONTROL PROBLEM
The control objective is to augment the pressure in the intake manifold of the engine, thus inducing additional
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